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INTRODUCTION
Lumbar spondylolysis (LS) is a disorder in which stress frac-
tures occur at the lumbar spine and is frequently identified in
adolescent athletes (1, 2). Early diagnosis and conservative treat-
ment is essential for bone healing (3, 4). Recent advances in radiol-
ogy and accumulation of clinical experience in the treatment of LS
have improved the outcomes in pediatric patients with the condi-
tion (5-7).
Biomechanical studies have shown that extension and/or rota-
tion of the lumbar spine concentrates stress on the pars interarticu-
laris, which can lead to a stress fracture, that is, LS, at this site (8).
Conservative treatment, including rest, cessation of physical activ-
ity, and use of a thoraco- lumbo-sacral brace, is recommended until
the fracture has healed, and favorable outcomes have been re-
ported (3, 4). However, some patients are refractory to conserva-
tive treatment and others develop further stress fractures when
they resume physical activity (3). A possible reason for these
unsatisfactory outcomes may be a lack of knowledge of the physical
features that render certain individuals prone to LS. Furthermore, no
optimal rehabilitation strategy has been established for patients
with LS. If these patients return to their former level of sports
activity with no change in their physical status, there is a high likeli-
hood that LS will recur.
Many patients with LS are known to have tight hamstrings,
quadriceps, and thoracic muscles (9), which may lead to compensa-
tory movements and increased load at the lumbar spine. The aims of
this study were to evaluate the physical features of pediatric pa-
tients with LS, to identify factors that increase their compensatory
extension and/or rotation movements and loading at the lumbar
spine, and to assess the effectiveness of rehabilitation in these pa-
tients.
PATIENTS AND METHODS
Patients
Twenty consecutive pediatric patients (16 boys, 4 girls ; mean
age 15.21.82 years) with a diagnosis of LS were enrolled in the
study. Eight patients were actively engaged in baseball, 4 in
basketball, 4 in soccer, 2 in volleyball, 1 in sprinting, and 1 in javelin
throw. LS was classified as early -stage in 5 patients, progressive-
stage in 7, and terminal -stage in 8. In all cases, the LS was at L4
or L5. An institutional review board exemption was obtained for the
retrospective review of clinical information, including imaging
studies, for the present study.
Evaluation
Fifteen physical items were evaluated, of which 12 were for
muscle tightness and 3 were for muscle strength and endurance
(Table 1). The 12 muscle tightness items were as follows : (1) fin-
gertip- to- floor distance (FFD), (2) straight leg raise (SLR), (3)
heel - to-buttock distance (HBD), tightness of the (4) rectus femo-
ris, (5) external and (6) internal rotator muscles, (7) iliopsoas, (8)
tensor fasciae latae, (9) adductor muscles, (10) soleus muscle, and
(11) latissimus dorsi, and (12) trunk rotation. All these items were
evaluated before starting rehabilitation. The three muscle strength
and endurance items were (13) ability to perform sit -ups and en-
durance of the (14) abdominal and (15) back muscles. These three
items were evaluated 4 weeks after evaluation of the 12 muscle
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tightness items, so as not to interfere with healing of the fracture,
and 2 or 3 months later. Findings for all items were judged as
positive or negative using the cut-off values reported in the litera-
ture (Figure 1).
Rehabilitation
The rehabilitation program consisted of self -stretching exer-
cises and training in range of motion at the hip joints and thorax. All
patients were instructed on how to perform daily active self -st-
retching exercises at home (Figure 2, 3). They also attended the
outpatient clinic once or twice weekly for 40-min rehabilitation
sessions consisting of 2

3 20-s sets of passive stretching, 15 min of
exercycle training, and 15 minutes of trunk muscle training. The
exercycle training was started 4 weeks after the initial evaluation
and trunk muscle training after 6 weeks to allow healing of the
fracture.
RESULTS
Initial evaluation
Seventeen (85%) of the 20 patients had positive findings for HBD
and the rectus femoris, 15 (75%) for abdominal muscle endurance,
14 (70%) for SLR and sit -ups, and 12 (60%) for FFD and the external
rotator muscles (Figure 4).
Figure 1
Twelve tightness and three muscle strength and endurance items. Tightness : (1) Fingertip - to - floor distance (FFD ; cutoff, 0 cm of FFD) ; (2)
straight leg raising (SLR ; cutoff, 90 degrees of hip flexion) ; (3) heel - to -buttock distance (HBD ; cutoff, 0 cm of HBD) ; (4) rectusfemoris (cutoff, 80
degrees of knee flexion) ; (5) external rotator muscles (cutoff, 45 degrees of hip adduction) ; (6) internal rotator muscles (cutoff, 45 degrees of
internal hip rotation) (7) iliopsoas (cutoff, 0 degrees of hip extension) ; (8) tensor fasciae latae (cutoff, 15 degrees of hip adduction) ; (9) adductor
muscles (cutoff, 0 cm of the knee to floor distance) (10) soleus muscle (cutoff, 9 cm of the first toe to wall distance) ; (11) latissimus dorsi (cutoff, 180
degrees of shoulder flexion with no movement of the thorax) ; (12) trunk rotation (cutoff, 40 degrees of trunk rotation). Muscle strength and
endurance : (13) sit -ups (cutoff, 30 times/30s) ; (14) endurance of abdominal muscles (cutoff, 180 s of holding the spine of the scapula 5 cm above the
floor) ; endurance of back muscles (cutoff, 180 s of holding the acromion 5 cm above the floor).
Table 1 Fifteen items for evaluation of physical features
Evaluation for tightness Evaluation for muscle strength and endurance
1. Fingertip - to - floor distance 13. Sit -ups
2. Straight leg raising 14. Endurance of abdominal muscles
3. Heel - to -buttock distance 15. Endurance of back muscles
4. Rectus femoris
5. External rotator muscle
6. Internal rotator muscle
7. Iliopsoas
8. Tensor fasciae latae
9. Adductor muscles
10. Soleus muscle
11. Latissimus dorsi
12. Trunk rotation
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Figure 2
Four core stability and endurance training items (40 seconds-1 minutes of trunk muscle training, 2 -3sets) : (1) anterior plank, (2) side plank, (3)
bridge exercise, (4) bird dog exercise.
Figure 3
Methods of stretching (20-s sets of passive stretching, 2 -3 set) against tightness muscles : (1) quadriceps muscle, (2) iliopsoas, (3) hamstrings-1, (4)
hamstrings-2, (5) lower leg triceps, (6) latissimus dorsi, (7) glut muscle.
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Baseball players
Of the 8 patients who played baseball, 7 (87.5%) had positive
findings for FFD, SLR, HBD, and the rectus femoris, 6 (75%) for
endurance of the abdominal muscles, and 5 (62.5%) for sit -ups
(Figure 5). Four patients (50%) had positive findings for trunk rota-
tion and tightness of the latissimus dorsi, and accounted for 75% of all
patients who had positive results for these items. These patients
showed loss of flexibility at the trunk and hip joints, which was par-
ticularly difficult to improve in the trunk.
Basketball players
All (100%) of the 4 patients engaged in basketball had positive
findings for sit -ups and endurance of the abdominal muscles
(Figure 6). The main feature in these patients was loss of strength in
the trunk.
Soccer players
All of the 4 patients who played soccer had positive findings for
FFD, SLR, and HBD, and for the rectus femoris and the external
rotator muscles (Figure 7). The main physical feature in these
patients was loss of flexibility at the hip joints.
Effect of rehabilitation
The improvement rate for each item is shown in Table 2. The
least improvement was found for HBD (17.6%), followed by the
external rotator muscles (33.3%), rectus femoris (35.3%), and en-
durance of the abdominal muscles (40.0%).
DISCUSSION
Positive tests were found for HBD and tightness of the rectus
femoris in 85% of the patients, for endurance of the abdominal
muscles in 75%, SLR and sit -ups in 70%, and FTD and tightness of
the external rotator muscles in 60%. We found that these physical
features varied according to the sport played. Furthermore, some of
these items were refractory to rehabilitation. Only 17.6%, 33.3%,
and 40.0% of patients with initially positive findings for HBD, tight-
ness of the external rotator muscles, and endurance of the ab-
dominal muscles, respectively, were found to be improved after
rehabilitation.
Although the pathophysiologic mechanism of LS is still unclear,
biomechanics studies using finite element modeling suggest that
these stress fractures are caused mainly by combined extension
and rotation movements of the lumbar spine (1, 8). Several causes of
low back pain in adolescents, including those with LS, have been
reported (2, 10). One factor is tightness of the leg muscles, including
the hamstrings and quadriceps, which may increase compensatory
movements and loading at the lumbar spine. According to the
joint -by- joint theory proposed by Cook, the lumbar spine provides
stability whereas the hip and thorax across the lumbar spine allow
mobility (11, 12). Therefore, mobilization of the hip joint and
thorax in addition to stabilization of the lumbar spine are consid-
ered important components in conditioning regimens for patients
with disorders that affect the lumbar spine (13).
Recently, Sato et al. speculated that tightness of muscles in the
region of the mobility joints, particularly the hip and ankle, may be
the underlying pathology in pediatric patients with LS, and re-
ported that active stretching with reciprocal inhibition was very
effective for improving the flexibility of these joints (9). In the pre-
sent study, we found that HBD was the item least likely to be
Figure 4
Graph showing the results at the initial evaluation for all 20 patients. Positive tests were found for heel - to -buttock distance and tightness of the rectus
femoris in 85% of the patients, for endurance of the abdominal muscles in 75%, straight leg raise and sit -ups in 70%, and fingertip - to - floor distance and
tightness of the external rotator muscles in 60%.
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Figure 6
Graph showing the results at the initial evaluation for 4 patients who played in basketball, in whom tests were positive for sit -ups and endurance of the
abdominal muscles in 100% of cases and for fingertip - to - floor distance, heel - to -buttock distance, and rectus femoris in 50% of case. Note that
patients who played basketball tended to have loss of strength in the trunk.
Figure 5
Graph showing the results at the initial evaluation for 8 patients who played baseball, in whom tests were positive for fingertip - to - floor distance,
straight leg raise, heel - to -buttock distance, and rectus femoris in 88%, endurance of the abdominal muscles in 75%, and sit -ups in 63%. Note 4
patients (50%) had positive tests for shoulder flexion and trunk rotation, and accounted for 75% of all patients who had positive findings for those two items.
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improved byrehabilitation. The HBD is an indicator of flexibility not
only in the quadriceps muscles but also in iliopsoas (14). For exam-
ple, hyperextension of the lumbar spine with hyperextension of the
hip and flexion of the knee is required when kicking a soccer ball
set behind the body axis (15). If there is tightness in the muscles
associated with these movements, excessive compensatory hyperex-
tension of the lumbar spine is needed.
Half of the baseball players included in our study had positive
Figure 7
Graph showing the results at the initial evaluation for 4 patients engaged in soccer, all (100%) of whom had positive tests for fingertip - to - floor distance,
straight leg raise, heel - to -buttock distance, rectus femoris, and the external rotator muscles. Note that patients who played soccer had loss of
flexibility at the hip joints.
Table 2 Rate of improvement of each item
Evaluation for tightness
Patients with
positive results before intervention (n)
Patients with
negative results after intervention (n) Improvement rate(%)
1. Fingertip - to - floor distance 12 11 91.7
2. Straight leg raising 14 9 64.3
3. Heel - to -buttock distance 17 3 17.6
4. Rectus femoris 17 6 35.3
5. External rotator muscles 12 4 33.3
6. Internal rotator muscles 4 1 25.0
7. Iliopsoas 6 3 50.0
8. Tensor fasciae latae 5 1 20.0
9. Adductor muscles 2 2 100.0
10. Soleus muscle 5 1 20.0
11. Latissimus dorsi 6 2 33.3
12. Trunk rotation 6 3 50.0
Evaluation for muscle strength and endurance
13. Sit -ups 14 10 71.4
14. Endurance of abdominal muscles 15 6 40.0
15. Endurance of back muscles 3 2 66.7
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findings for shoulder flexion and trunk rotation. Both these items
indicate tightness of the thoracic muscles, which would increase
the load at the lumbar spine and lead to compensatory hyperexten-
sion or hyperrotation. In a study of asymptomatic baseball players
reported by Laudner et al., thoracolumbar movements, particularly
extension and rotation, were found to be greater than those re-
ported by the American Medical Association (16, 17).
We acknowledge that there are several limitations in this study.
It is uncertain whether the methods we used for evaluation and
rehabilitation were optimal. To simplify the evaluation, we classi-
fied our findings as positive or negative based on acutoff value for
each item, but whether our judgments were too strict or too loose is
unclear. Furthermore, there was considerable variation in the stag-
ing of LS in our already small study sample. However, this research
does have an important strength ; in other words, we were able to
analyze data for consecutive patients with LS enrolled during a
narrow time period in which a consistent rehabilitation protocol
was used.
There is still no optimal evidence-based rehabilitation strategy
for patients with LS that can be implemented during conservative
treatment to reduce the risk of recurrence when they returning to
playing sport (3). Identification of the physical features underlying
the pathophysiologic mechanism of LS, which may involve in-
creased mechanical stress from extension and rotation of the lumbar
spine, would be an important first step in developing a rehabilita-
tion program that can be used in primary care to avoid occurrence
and recurrence of LS.
CONCLUSIONS
We have identified several physical features in pediatric patients
with LS that tended to vary according to the type of sporting activity
engaged in. Some of these physical features were refractory to
rehabilitation. These findings represent an early step toward
development of an optimal rehabilitation strategy for children with
LS.
ACKNOWLEDGEMENT
We would like to thank all staff members in Tsuji Hideki Orthope-
dics for helping to generate the data used in this study.
DISCLOSURE
All authors confirm that there are no conflicts of interest with
regard to persons or organizations that could have influenced our
study findings.
REFERENCES
1. Wiltse LL, Widell EH Jr, Jackson DW : Fatigue fracture : the
basic lesion in isthmic spondylolisthesis. J Bone Joint Surg Am
57 : 17-22, 1975
2. Sakai T, Sairyo K, SuzueN, Kosaka H, Yasui N : Incidence and
etiology of lumbar spondylolysis : review of the literature. J
Orthop Sci 15 : 281-288, 2010
3. Sakai T, Tezuka F, Yamashita K, Takata Y, Higashino K,
Nagamachi A, Sairyo K : Conservative treatment for bony
healing in pediatric lumbar spondylolysis. Spine (Phila Pa
1976) 42 : E716-E720, 2017
4. Sairyo K, Sakai T, Yasui N, Dezawa A : Conservative treatment
for pediatric lumbar spondylolysis to achieve bone healing us-
ing a hard brace : what type and how long? : Clinical article. J
Neurosurg Spine 16 : 610-614, 2012
5. Sairyo K, Katoh S, Takata Y, Terai T, Yasui N, Goel VK,
Masuda A, Vadapalli S, Biyani A, Ebraheim N : MRI signal
changes of the pedicle as an indicator for early diagnosis of
spondylolysis in children and adolescents : a clinical and
biomechanical study. Spine (Phila Pa 1976) 31 : 206-211, 2006
6. Goda Y, Sakai T, Sakamaki T, Takata Y, Higashino K, Sairyo
K : Analysis of MRI signal changes in the adjacent pedicle of
adolescent patients with fresh lumbar spondylolysis. Eur
Spine J 23 : 1892-1895, 2014
7. Sakai T, Sairyo K, Mima S, Yasui N : Significance of magnetic
resonance imaging signal change in the pedicle in the man-
agement of pediatric lumbar spondylolysis. Spine (Phila Pa
1976) 35 : E641-E645, 2010
8. Sakai T, Yamada H, Nakamura T, Nanamori K, Kawasaki Y,
Hanaoka N, Nakamura E, Uchida K, Goel VK, Vishnubhotla L,
Sairyo K : Lumbar spinal disorders in patients with athetoid
cerebral palsy : a clinical and biomechanical study. Spine
(Phila Pa 1976) 31 : E66-E70, 2006
9. Sato M, Mase Y, Sairyo K : Active stretching for lower ex-
tremity muscle tightness in pediatric patients with lumbar
spondylolysis. J Med Invest 64 : 136-139, 2017
10. Feldman DE, Shrier I, Rossignol M, Abenhaim L : Risk factors
for the development of low back pain in adolescence. Am J
Epidemiol 154 : 30-36, 2001
11. Cook G : The joint by joint theory (in Japanese). In Move-
ment : functional movement system, edited and translated by
Nakamaru et al. Nap limited, Tokyo, Japan. 308-317, 2014
12. Motohashi E : The joint by joint theory (in Japanese). J Clin
Sports Med 33 : 908-916, 2016
13. Hasebe K, Sairyo K, Hada Y, Dezawa A, Okubo Y, Kaneoka K,
Nakamura Y : Spino-pelvic-rhythm with forward trunk bend-
ing in normal subjects without low back pain. Eur J Orthop
Surg Traumatol 24(Suppl 1) : 193-199, 2014
14. Fujitaka K, Taniguchi A, Isomoto S, Otsuki S, Okubo M,
Tanaka Y : Pathogenesis of the fifth metatarsal fracture in
college soccer players. Orthop J Sports Med 2015 : 3 ;
2325967115603654.
15. El Rassi G, Takemitsu M, Woratanarat P, Shah SA : Lumbar
spondylolysis in pediatric and adolescent soccer players. Am J
Sports Med 33 : 1688-1693, 2005
16. Association AMA. Guides to the evaluation of permanent
impairment. AMA Press, Chicago, IL ; 2001.
17. Laudner K, Lynall R, William JG, Wong R, Onuki T, Meister K :
Thoracolumbar range of motion in baseball pitchers and posi-
tion players. Int J Sports Phys Ther 8 : 777-783, 2013
The Journal of Medical Investigation Vol. 65 August 2018 183
